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504 The Journal of Thoracic and Cardbjective: Extra-anatomic bypass of complex thoracic aortic disease through a
edian sternotomy has been reported as a safe alternative to thoracotomy. Our
bjective was to examine intermediate-term outcomes.
ethods: We retrospectively reviewed 50 consecutive patients with congenital
ortic coarctation or recurrent coarctation who underwent ascending–descending
osterior pericardial aortic bypass between January 1985 and November 2005.
emographic data, in-hospital and postoperative morbidity and mortality, and
esolution of hypertension were determined by examination of the medical record.
esults: The mean age at operation was 42 years; 27 (54%) were men. There were
o perioperative deaths. Upper-extremity blood pressure after coarctation repair
ith ascending–descending aortic bypass was significantly improved. Mean systolic
lood pressure decreased from 158  25 mm Hg preoperatively to 123  14 mm
g postoperatively (P  .001). There were no graft-related deaths or complications
n follow-up extending up to 20 years.
onclusions: The ascending–descending aortic bypass through a posterior pericar-
ial approach is a safe operation and is effective in relieving obstruction and
mproving hypertension.
oarctation of the aorta leads to hypertensive cardiovascular sequelae such as
coronary artery disease, heart failure, stroke, aortic dissection or rupture,
and premature death.1 Aortic coarctation is most often congenital but can
lso be acquired, as may occur with traumatic aortic transection or obstructive
theromatous disease. Native aortic coarctation is usually repaired surgically
hrough a left thoracotomy, but the best surgical option for patients with concom-
tant heart disease is uncertain. Also, patients with recurrent aortic coarctation after
revious repair or a more complex aortic abnormality may require alternate oper-
tive approaches.
We previously reported our initial experience with an ascending–descending
osterior pericardial aortic bypass for treating complex aortic coarctation and aneurys-
al disease.2,3 We concluded that the operation was safe but that the intermediate-
nd long-term safety and durability of this operation were unknown. The purpose of
he current study was to document intermediate-term experience with extra-anatomic
iovascular Surgery ● June 2007
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Dypass of aortic coarctation, with particular attention to theatient survival, incidence of graft-related complications,
nd impact on hypertension.
aterials and Methods
e reviewed the cases of 50 consecutive patients with congenital
ortic coarctation or recurrent coarctation who underwent ascend-
ng–descending posterior pericardial aortic bypass between Janu-
ry 1985 and November 2005. The Institutional Review Board of
ayo Foundation approved the study. All patients had previously
iven consent to participate in research.
The main indication for operation in this series was uncon-
rollable hypertension in the setting of three clinical scenarios:
omplex native coarctation, recurrent/persistent coarctation, or
he need for concomitant cardiac surgery. Hypertension was
easured through invasive hemodynamic gradients and com-
uted tomographic angiography in the setting of recurrent/persis-
ent coarctation.
perative Technique
ur technique of ascending– descending posterior pericardial
ortic bypass is performed through a median sternotomy with
ormothermic cardiopulmonary bypass.2,3 The heart is retracted
ephalad and to the patient’s right. The right pleural space can
igure 1. Ascending–descending aortic bypass graft for aortic
oarctation. ASC, Ascending; Coarct, aortic coarctation; DESC,
escending; IVC, inferior vena cava. (Used with permission of
ayo Foundation for Medical Education and Research.)e opened, if necessary, to assist with exposure. The posterior o
The Journal of Thoracicericardium is incised, and the descending thoracic aorta is
solated. The distal anastomosis is created on the descending
horacic aorta, and the proximal anastomosis is created on the
scending aorta. Both anastomoses are created using partial
ccluding vascular clamps. To reduce the risk of spinal and
ower-extremity ischemia during partial aortic occlusion, we
outinely measure upper- and lower-extremity blood pressure
ntraoperatively. The completed graft courses from the ascend-
ng aorta, anterior to the right pulmonary veins, and either
nterior or posterior to the inferior vena cava into the descend-
ng thoracic aorta (Figures 1 and 2). The average size of the
ypass graft was 21  2 mm (range, 16-24 mm).
ata Collection
edical records were retrospectively reviewed for demo-
raphic, medical history, radiographic, and operative data. This
ncluded in-hospital and outpatient postoperative morbidity and
ortality. Postoperative blood pressure was reported as reduc-
ion in mean upper-extremity blood pressure after coarctation
ypass. This was used as a surrogate for invasive arterial
radient measurements. Postoperative blood pressure values
ere compared with those from the same extremity used pre-
igure 2. Computed tomographic angiogram after posterior peri-
ardial bypass in a 51-year-old woman who had previously un-
ergone 2 coarctation repairs through a left thoracotomy, the most
ecent of which was an interposition graft. A, Posterior pericar-
ial position of the graft (arrow). B, The heart has been subtracted
rom the image to show graft patency (arrow).peratively, when possible.
and Cardiovascular Surgery ● Volume 133, Number 6 1505
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Dmaging
ostoperative radiographic images (available for 37/50 patients)
ere reviewed to assess graft patency and graft-related complica-
ions. Imaging modalities consisted of echocardiography, arteriog-
aphy, computed tomographic angiography, and magnetic reso-
ance angiography performed at varying intervals throughout the
ostoperative period.
tatistical Analysis
ontinuous data are presented as mean standard deviation. They
ere analyzed using a 2-sided paired t test. Data analysis was
erformed on JMP version 5.1 (SAS Institute, Inc, Cary, NC).
esults
ifty consecutive patients underwent ascending–descending
osterior pericardial bypass of aortic coarctation between
anuary 1985 and November 2005. Demographic data for
his study sample are presented in Table 1. The mean age at
peration was 42 years (range, 15-67 years), and 27 (54%)
ere men. Twenty-two patients had native aortic coarcta-
ion (44%), and 28 patients had recurrent or residual coarc-
ation after earlier surgical repair. Forty-eight patients
96%) had marked hypertension, and 35 patients (70%) had
t least 1 previous cardiovascular operation. Of the previous
perations, repair of aortic coarctation through a thoracot-
my was the most common (56%), followed by aortic valve
eplacement, repair of ventricular septal defect, and ligation
f a patent ductus arteriosus.
Operative characteristics, including data on cardiopul-
onary bypass, are presented in Table 2. Twenty-nine pa-
ients (58%) required aortic crossclamping and cardioplegic
rrest of the heart, and 5 patients (10%) underwent deep
ABLE 1. Demographic characteristics of the study popu-
ation
haracteristic Patients
ge, y, mean (range) 42 (15-67)
No. %
ender (male) 27 54
ative aortic coarctation 22 44
ecoarctation 28 56
ypertension 48 96
oronary artery disease 4 8
revious operation 35 70
Coarctation of aorta repair 28 56
Aortic valve replacement 3 6
Ventricular septal defect repair 2 4
Patent ductus arteriosus ligation 2 4
Coronary artery bypass graft 1 2
Subaortic stenosis repair 1 2
Aortic valvotomy 1 2ypothermic circulatory arrest to facilitate concomitant car-
506 The Journal of Thoracic and Cardiovascular Surgery ● Juniovascular repairs. The mean cardiopulmonary bypass time
as 77  40 minutes for isolated aortic bypass (no aortic
rossclamp) and 126  53 minutes for patients undergoing
oncomitant repairs (with aortic crossclamp and cardiople-
ic arrest of the heart) (P  .001). Concomitant operations
ere performed in 62% of patients; procedures included
ortic valve replacement (n  15), ascending aortic aneu-
ysm repair (n  6), myectomy for left ventricular outflow
ract obstruction (n  5), and coronary artery bypass graft-
ng (n  4).
There were no intraoperative or perioperative deaths in
his series (Table 3). Arrhythmias other than atrial fibrilla-
ion or flutter were uncommon. Respiratory complications
eveloped in 4 patients, and reexploration for bleeding was
equired in 5 patients (10%) (4/5 patients with postoperative
emorrhage were undergoing reoperations). Of note, right
ower-extremity weakness developed in 1 patient. This
ABLE 2. Operative characteristics*
haracteristic Value
ypass time, min, mean  SD (range) 107  53 (18-224)
rossclamp time, min, mean  SD (range) 58  42 (17-183)
oncomitant operations, % 62
Aortic valve replacement 30
Aneurysm repair 12
Myectomy 10
Coronary artery bypass 8
Mitral valve repair 6
Mitral valve replacement 3
Aortic valve repair 2
Ventricular septal defect repair 2
D, Standard deviation. *Includes cardiopulmonary bypass and aortic
rossclamp times (n  29) and the type of concomitant cardiovascular
perations performed at the time of posterior pericardial bypass.
ABLE 3. Operative results
Result No.
Mortality
Operative 0
Study period 1
Morbidity
Cardiac
Arrhythmia 11
Respiratory
Pneumonia 4
Effusions 4
Hemorrhagic
Reexploration for bleeding 5
Other
Right lower-extremity weakness 1
Seizures 1
Sternal dehiscence 1
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Deakness resolved, and at latest follow-up the patient re-
orted only right lower-extremity fatigability with strenuous
xercise.
There was 1 late death from congestive heart failure at 53
onths postoperatively. This patient was a 47-year-old man
t the time of aortic bypass for recurrent aortic coarctation
nd concomitant aortic valve replacement. He did not have
ny postoperative complications, and the graft was patent
hen imaged with cardiac catheterization 51 months post-
peratively.
There was a significant reduction in mean upper-extremity
lood pressure after coarctation repair with ascending–de-
cending aortic bypass (Table 4). Mean systolic blood pres-
ure decreased from 158 25 mm Hg preoperatively to 123
14 mm Hg postoperatively (P .001). This improvement
ersisted at intermediate follow-up, with a mean systolic
lood pressure of 132  19 mm Hg at a mean of 32 months
ostoperatively (P  .001). There was also a significant
eduction in the number of antihypertensive medications
aken postoperatively (Table 4). The mean number of med-
cations decreased from 1.7  1.4 preoperatively to 1.1 
.8 postoperatively (P  .01).
No graft-related complications were observed in clin-
cal follow-up (mean, 33  38 months) or radiographic
ollow-up (mean, 21  33 months; range, 4 days to 11.9
ears). Specifically, 37 of the 50 patients (74%) were im-
ged, and all grafts were patent without obstruction or
seudoaneurysm formation.
iscussion
scending–descending posterior pericardial aortic bypass is
safe procedure for repair of coarctation of the aorta; in this
xpanded series, there has not been any early mortality and
nly minimal morbidity. Also, the procedure significantly
mproved hypertension and decreased the number of anti-
ypertensive medications required to achieve adequate
lood pressure control.
Aortic coarctation is a common congenital cardiovascu-
ar malformation that if untreated results in serious cardio-
ascular sequelae and premature death.1 Although coarcta-
ion may present as an isolated malformation, other major
oncomitant cardiac anomalies, such as bicuspid aortic
alve disease, are present in more than 50% of patients.4
any of these concomitant abnormalities ultimately require
ABLE 4. Effect of bypass on hypertension in the study gr
ariable Preoperative
ystolic blood pressure, mm Hg, mean  SD 158 25
ypertensive medications, No., mean  SD 1.7 1.4
D, Standard deviation; N/A, not available. *Mean, 32 months. †The numbeurgical correction, and thus patients with native or recur- t
The Journal of Thoracicent coarctation may present with the need for sternotomy
or intracardiac repair. The ascending–descending aortic
ypass is easily performed through a midline incision at the
ime of other cardiac operations.
The most common incision for repair of native coarc-
ation is left thoracotomy, but for reoperations, this ap-
roach may be hazardous. In more complex situations,
xtra-anatomic bypass grafting has been used. Bypass of the
orta through a median sternotomy was first described by
die and colleagues5 and Wukasch and colleagues.6 Edie
nd colleagues described ascending– descending thoracic
ortic bypass, and Wukasch and colleagues described
scending-to-abdominal aortic bypass. Aortic bypass poste-
ior to the heart was described by Vijayanagar and col-
eagues7 and was soon modified by Sweeney and col-
eagues,8 Powell and colleagues,9 and Robicsek and
olleagues.10 Our technique differs somewhat from that of
ther studies, which reported performing aortic bypass
ithout cardiopulmonary bypass. We prefer to use cardio-
ulmonary bypass because it allows maintenance of ade-
uate perfusion pressure during manipulation of the heart.
Izhar and colleagues2 and Connolly and colleagues,3
rom Mayo Clinic, described ascending–descending aortic
ypass grafting for 2 indications: patients with thoracic
ortic disease who required repair of concomitant cardiac
roblems through a median sternotomy and patients with
omplex thoracic aortic disease in whom extra-anatomic
epair appeared safer than anatomic repair. The current
tudy included only patients with native and recurrent co-
rctation and extends follow-up. Durability is important in
ounger patients, especially those with isolated coarctation
ho may have normal life expectancy. In contrast, the
ongevity of patients with concomitant procedures will
ikely be limited by associated cardiac problems such as
alvular or coronary artery disease. Indeed, the 1 late death
n our series was due to congestive heart failure and oc-
urred 4.4 years postoperatively in a patient who had repair
f recurrent coarctation of the aorta and associated aortic
alve regurgitation.
The posterior pericardial approach for ascending–
escending aortic bypass is safe. In our series, the operation
as performed in 50 consecutive patients without operative
eath. There were few complications aside from transient
trial arrhythmias and reoperation for hemorrhage (in pa-
Value
P valuePostoperative Intermediate follow-up*
123 14 132 19 .001
1.1 0.8 N/A† .01
ntihypertensive medications at intermediate follow-up was not available.oupients undergoing reoperation) during the postoperative pe-
and Cardiovascular Surgery ● Volume 133, Number 6 1507
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Diod (Table 3). Paraplegia, the most serious complication
ssociated with descending thoracic aortic surgery, rarely
ccurs in patients undergoing repair of native coarctation.
owever, paraplegia has been reported in patients undergo-
ng reoperation for coarctation.11 Several methods have
een proposed to minimize the risk of paraplegia in the
eoperative setting, including support of the distal circula-
ion with partial cardiopulmonary bypass or temporary
hunts12 and spinal cord protection with hypothermic circu-
atory arrest.13 Each of these techniques seems more com-
licated than the method described. Also, the risk of spinal
ord injury might be expected to be decreased with the
osterior pericardial approach because the distal graft anas-
omosis is made to the distal thoracic aorta just above the
iaphragm.
One patient in our series, a 33-year-old woman, did
xhibit right lower-extremity weakness postoperatively that
as attributed to spinal cord ischemia. This patient under-
ent ascending–descending aortic bypass for residual co-
rctation after 2 previous thoracotomies and unsuccessful
alloon angioplasty. At the 3-year follow-up, the patient’s
eakness had resolved, but she reported right lower-
xtremity fatigability with strenuous exercise. Of note, this
s the only patient in our series who had aortic bypass
ithout extracorporeal circulation and experienced moder-
te intraoperative hypotension during cephalad retraction of
he heart. Wukasch and associates6 reported aortic bypass
or coarctation without extracorporeal circulation, but their
ethod used distal anastomosis to the supraceliac abdomi-
al aorta. Use of the posterior pericardial approach without
ardiopulmonary bypass has been advocated by Kanter and
olleagues.14 Although avoidance of extracorporeal circu-
ation may be possible in smaller patients without cardio-
egaly, decompression of the heart during bypass improves
xposure of the descending thoracic in most adult patients
nd ensures adequate perfusion during cephalad retraction
f the heart.
In patients requiring reoperation, the altered surgical
eld makes re-repair through a thoracotomy more hazard-
us. The risks of dissecting through collateral circulation
nd extensively mobilizing the aorta are minimized with the
scending–descending aortic bypass approached through a
edian sternotomy. As a result, the morbidity and mortality
rofiles in the present series compare favorably with those
f previously published series of re-repair of aortic coarc-
ation through a left thoracotomy. Massey and Shore15
eported a retrospective series of 65 patients, 20 of whom
ere reoperative cases. Of the 14 operations for recurrent
ortic coarctation, there were no early deaths and late mor-
ality was 4.5% at 19 years. Postoperative morbidity was
eported at 75% for reoperative cases and included recurrent
aryngeal injury in 5 of 14 patients (36%). On the basis of
ur overall complication rate of 24%, the majority of which f
508 The Journal of Thoracic and Cardiovascular Surgery ● Junere unrelated to aortic bypass, reoperative repair of aortic
oarctation through a median sternotomy seems to be safer.
The intermediate-term durability of this repair is satis-
actory. There have been no graft-related complications, and
otably absent is the development of any graft infections in
ollow-up that extends to 20 years. Although postoperative
maging was not available for every patient, all grafts that
ere imaged (n  37) were patent, with no evidence of
seudoaneurysm, patient–graft mismatch, dissection, or no-
able graft narrowing. Similarly, there was no clinical or
adiographic suggestion of aortic graft–esophageal fistula, a
oncern raised by others.14
In our series, aortic bypass had a beneficial effect on
ystemic arterial hypertension. After coarctation repair,
ean upper-extremity systolic blood pressure decreased
ignificantly, with a concomitant decrease in the number of
ntihypertensive agents required. Most patients continued to
eceive some form of antihypertensive therapy, but the
ecrease in number of medications required indicates that
ersistent hypertension after bypass is much easier to con-
rol medically (Table 4). The improvement in blood pres-
ure control and the number of antihypertensive agents
equired are encouraging, but whether this effect is long-
asting is uncertain.
We consider using the posterior pericardial approach for
ortic bypass in adult patients with complex coarctation
equiring surgical correction, especially those with hypopla-
ia of the aortic isthmus or a concomitant cardiovascular
esion (or both), but we have been reluctant to use this
ethod in children and adolescents. Subsequent somatic
rowth in such patients may lead to tension on the graft and
ormation of a false aneurysm, and small-caliber prostheses
n young children may not provide adequate flow during
dulthood.14 Another group of patients requiring special
onsideration are those who will likely require reoperation
n which the graft position may limit future surgical options.
There are nonsurgical therapies for treating native and
ecurrent coarctation. In some centers, percutaneous angio-
lasty and stenting seem to have good results for treating
imple (narrow-shelf) recurrent aortic coarctation and may
ell become the treatment of choice.15 Percutaneous dila-
ation and stenting are also used to treat native coarctation in
hildren, but there is less experience in adults who have more
ragile tissue and may have calcification or atherosclerosis
or both).16 However, even in children, balloon angioplasty
as a relatively high rate of late pseudoaneurysm forma-
ion,17 and it is uncertain whether stents with or without
rosthetic covering will eliminate this complication.
onclusions
he ascending–descending aortic bypass through a poste-
ior pericardial approach is a safe operation and is effective
or relieving obstruction and improving hypertension at
e 2007
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McKellar et al Surgery for Congenital Heart Diseasentermediate-term follow-up. On the basis of this experience
xtending to 20 years, we conclude that the results are durable
nd that the procedure is of particular value for adult patients
ho have complex coarctation requiring surgical correction
nd have concomitant cardiovascular abnormality.
Editing, proofreading, and reference verification were provided
y the Section of Scientific Publications, Mayo Clinic.
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